How did the study come about?
Given the dramatic decline in the incidence of HIV infection in infants and children in the United States, but the unfortunate persistence of mother to child transmission in other parts of the world, international collaborations are critical to the conduct of trials to evaluate the safety and effectiveness of therapeutic and prophylactic modalities in children. Additionally, because the bulk of pediatric HIV infection now occurs in middle-and low-income countries, infrastructure development in such countries is also very important. With the advent and availability of highly active antiretroviral therapy (HAART), the face of this fatal disease in children has changed from one of widespread morbidity and mortality to one that is potentially manageable and allows infected children to survive well into adulthood. 1, 2 Because of these changes, the importance of long-term outcomes related to both the disease and exposure to its treatment has become a major focus of research efforts.
Through experience with pediatric antiretroviral (ARV) treatment trials in sites in Brazil and The Bahamas in 1998 and 1999, the Eunice Kennedy Shriver National Institute of Child Health and Human Development (NICHD) identified a need to increase Latin American and Caribbean capacity for the conduct of clinical trials, particularly those involving experimental drugs in HIV-infected children. During 2000, NICHD began the NICHD International Site Development Initiative (NISDI) in Latin America and the Caribbean to address this need. NISDI was designed to provide capacity-building and training to international sites through the conduct of two observational studies: the perinatal protocol that enrolled HIV-infected pregnant women and their infants, 3 and the pediatric protocol that enrolled HIV-exposed, but uninfected infants and HIV-infected infants, children and adolescents. This initiative provided direct training and capacity-building for sites with limited prior experience in conducting clinical trials, by involving these sites in the development of protocols and informed consent documents, managing data collection and transmittal, performing virologic and immunologic laboratory testing and other study-related activities and participating in the analysis and reporting of study findings. A major goal of this initiative was to train investigators and develop sites that could then participate in future prevention and treatment trials within international and regional networks.
NICHD and the data management and statistical centre developed and released a Request for Proposals for Latin American and Caribbean sites in November 2000, soliciting potential investigators and sites in a systematic fashion through communication with regional and national public health and AIDS offices, professional organizations and universities. To be eligible to participate, sites were required to follow at least 30 HIV-infected and exposed children <21 years old and have ARVs available for patients who met criteria for treatment as determined by clinical practice at each site. ARV treatment was not provided by the protocol and initiation and management of ARVs were decided by individual site investigators as per availability, clinical practice at that site and national guidelines. Alternatives to breastfeeding were also required but not provided by the protocol. Sites were required to provide a subject retention plan, to demonstrate the ability to perform basic laboratory assays and the capability to perform CD4 and HIV viral load assays either on site or through a laboratory routinely used by the site, and to have access to freezers for storage of repository samples. Given the selection criteria, centres chosen to participate in the study had either carried out research in the past or had sufficient infrastructure in place to carry out research. An external review committee made up of international experts in HIV-infection reviewed proposals and made recommendations about site selection in 2001. Approximately half of the sites that submitted proposals were chosen. The data management and statistical centre subcontracted with 15 sites in three countries (Brazil, Mexico and Argentina) to carry out the pediatric protocol. During 2001 and 2002, NICHD and Westat staff and investigators from each site developed the study protocol. Subsequently, the NICHD Institutional Review Board (IRB), the Westat IRB, separate in-country ethics committees and national review boards (where appropriate, i.e. Brazil) reviewed and approved the protocol. In 2006, two additional sites were added, one in Peru and one in Jamaica. The geographical locations of the sites are shown in Figure 1 .
What does it cover and who is in the sample?
The scientific goals of the pediatric protocol are: (i) to describe the characteristics of HIV-exposed infants and HIV-infected infants, children and adolescents cared for at clinical sites in Latin America and the Caribbean, (ii) to describe early and late outcomes related to HIV disease and ARV therapy and (iii) to describe early and late outcomes related to in utero exposure to ARVs and HIV and to neonatal exposure to ARVs.
When enrolment began in the autumn of 2002, two groups of subjects who were receiving care at the participating sites (11 in Brazil and 2 each in Mexico and Argentina) were eligible: (i) infants (412 months of age) who were born to women diagnosed with HIV infection either prior to or during pregnancy or within 1 month postpartum and (ii) HIV-infected infants, children and adolescents (421 years of age). All subjects with vertically acquired HIV infection and all those determined to be HIV negative (or indeterminate) were born to HIV-infected mothers. The subjects with horizontally acquired HIV infection had to have another mode of transmission and/or not be born to an HIVinfected mother. Informed consent was obtained from either parents or guardians or from subjects who were able to provide consent based upon local laws. Assent was obtained from subjects 48 years of age when appropriate and according to local practice.
By 2004, the enrolment rate was higher than anticipated (922 enrolled, accrual ceiling of 1500), and the protocol was amended to increase the accrual ceiling to 2000, to close new enrolment at five of the Brazilian sites (but to continue enrolled subject follow-up at those sites), and to limit new enrolment of HIV-infected infants and children at other sites to those who were <5 years of age. We now report data collected by October 2007.
How often have patients been followed up and what is measured?
The following were performed at 6 month intervals: medical history (including diagnoses, hospitalizations, medications and vaccinations), physical examination, laboratory evaluations (including haematology, flow cytometry and standard biochemical assays), growth parameters, morbidity evaluation and mortality status. Virologic assessments were performed in the HIV-infected group. In addition, peripheral blood mononuclear cells and plasma were collected from all subjects annually and stored in a central repository for potential future studies.
What has been found?
As shown in Table 1 , 1629 subjects enrolled of whom 731 (45%) were vertically HIV-infected, 85 (5%) horizontally HIV-infected, 767 (47%) confirmed to be HIV-uninfected and 46 (3%) whose HIV status was indeterminate as of October 2007. Eight hundred and sixteen were enrolled in the first year of life, the vast majority of whom were HIV-uninfected. The majority of subjects (70%) were enrolled in Brazil and 15% were enrolled in Argentina. In a majority (88%) of the HIV-infected mothers, HIV was transmitted via heterosexual contact. Injection drug use was a risk factor for HIV acquisition in 7.9% of HIV-infected mothers who had an HIV-infected child, compared with 2.7% of HIV-infected mothers with an uninfected child (P < 0.0001). There was one HIV-infected mother who was infected perinatally. As expected, the vast majority (93%) of the mothers of HIV-uninfected subjects received ARV prophylaxis or treatment during pregnancy. The regimen included a non-nucleoside reverse transcriptase inhibitor (NNRTI) and/or a protease inhibitor (PI) in 82% of the group that received ARVs. Only 11% of the mothers of HIVinfected subjects received an ARV regimen during pregnancy and only 25% of these mothers receiving ARVs received an NNRTI and/or a PI. Sixty-two per cent of the HIV-uninfected subjects were delivered by Caesarean section; whereas, only 33% of the HIVinfected subjects were delivered in this manner (P < 0.0001). These differences may reflect different availability and standards of management in different time periods when subjects were born; the entire HIVuninfected cohort was born recently, whereas the HIV-infected cohort was generally much older. Among the subjects with HIV-infected mothers, 49% were primarily cared for by both biological parents, and the biological mother alone was the primary caregiver for an additional 32%. Among all of the HIV-infected subjects (horizontally and vertically infected), 30%, 26%, 32% and 12% had HIV RNA levels <500 copies/ml, between 500 and 9999 copies/ml, between 10 000 and 99 999 copies/ml, and 5100 000 copies/ml, respectively, at enrolment. Only 12% had CD4% <15 at enrolment, while 59% had CD4% 525.
The characteristics of the 85 horizontally infected subjects are shown in Table 2 . Thirty-two acquired HIV through consensual sexual contact, 19 via blood transfusion, while 31 had no known risk factors. In general, this was a relatively healthy group with 58% having CD4% 525, 35% having HIV RNA levels <500 copies/ml and 35% receiving no ARVs at the time of enrolment.
The characteristics of the 731 vertically infected subjects are shown in Table 3 . Sixty per cent had CD4% 525, 29% had HIV RNA <500 copies/ml and 84% were receiving ARVs at the time of enrolment. Seventy-nine per cent of those receiving ARVs at enrolment were receiving HAART, i.e. a regimen that contained an NNRTI and/or a PI. A list of the individual regimens received by three or more subjects at enrolment is shown in Table 4 . A total of 106 children were ARV naïve at enrolment (25 of these 106 had received ARV prophylaxis). Sixty-three of these treatment naïve subjects started ARVs during the study. Most subjects' HIV disease laboratory parameters remained stable through 18 months as evidenced by 66% having CD4% 525 and 38% having HIV RNA <500 copies/ml at 18 months of follow-up.
Eighteen subjects died during the study, 16 of whom were HIV-infected. Characteristics of the subjects who died are shown in Tables 5 and 6 .
What are follow-up and attrition like?
Median follow-up for all study subjects was 37 months with the HIV-infected subjects, both horizontally and vertically infected, having a median follow-up of 445 months. Visit compliance rates were calculated based on all those who completed a particular visit divided by those who were eligible for that visit. Overall and individual group visit compliance rates through 36 months are shown in Figure 2 . As expected, the follow-up rates for the vertically infected subjects, who were actively receiving care at the sites in addition to their study evaluations, were very high, ranging from 94% to 99% at each scheduled visit. The data for the HIV-uninfected group have important implications, with follow-up rates ranging from 76% to 98%. Many recommend that follow-up of children with ARV exposure should continue into adulthood because of the theoretical concerns regarding the potential for carcinogenicity and mitochondrial toxicity from exposure to nucleoside analogue ARVs. 4, 5 According to the US Public Health Service guidelines, 4 this long-term follow-up should include yearly physical examinations of all children exposed to ARVs. However, there are concerns about the feasibility of following large cohorts of uninfected children exposed to ARVs in utero or in the neonatal period since this group of children is generally healthy and not necessarily followed by a clinic engaged in pediatric HIV care. The rates in this protocol were reassuring in this regard and matched what was seen in an analysis from the US-based PACTG 219 study, which reported results on 234 uninfected children originally enrolled on the PACTG 076 trial 6 and showed an 86% rate of retention. 7 What are the main strengths and weaknesses of NISDI? Strengths (i) Prospective, interval, cohort study in which data are collected at specific intervals as called for by a common protocol. (ii) Subjects may not be a representative sample of the HIV-infected or exposed uninfected children at these sites or in these countries. (iii) HIV-infected subjects with variable prior ARV treatment ranging from no history of ARVs to prior treatment with two or more regimens. (iv) Historical data may be incomplete.
How can I collaborate? Where can I find out more?
